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SPRAY TIMING AND BLACK CURRANT PESTS 


by C. A. COLLINGWOOD and ADELINE M. Brock 
National Agricultural Advisory Service, Shardlow 





THE coming into use of modern insecticides in spring to replace winter washes 
has been accompanied by a considerable amount of investigation relating to 
Jhatching dates and optimum spray timing for most pests of top fruit. This 
7 important aspect of successful pest control has been given rather less attention 
Jin the case of many pests of soft fruit. Spring spraying of black currants, for 
example, has been roughly related to the growth period known as “grape 
stage” without serious attention being given to the behaviour of the pests 
concerned. During the past season black currant plots have been sprayed at 
‘different times during spring and early summer in connection with an investi- 
4 gation on gall mite (Phytoptus ribis Nal.) and some useful information has been 
+ obtained on timing in relation to certain other insect pests. 






























EXPERIMENTAL SITES AND MATERIALS 


+ Two of the experimental sites were in the grounds of the School of Agriculture 
} of the University of Nottingham at Sutton Bonington, and a third was at Church 
4} Farm, Lenton. The varieties were Wellington XXX at Sutton Bonington and 
+ Westwick Triumph at Lenton. The bushes were in their ninth and tenth cropping 
year and the plots were sheltered at both places on their north and east sides. 
The first experiment at Sutton Bonington, from which most of the conclusions 
‘have been drawn, consisted of two-bush plots separated by guard bushes with 
‘Feleven replicates of each treatment and two series of controls. Each series of 
treatment plots had a single spray application of endrin at dates spaced weekly 
} from March 28 (grape stage) to May 30. The second experiment consisted of 
single row plots of 20 bushes with three replications of each treatment which 
included two spray applications of endrin in various date combinations. At 
> Lenton the plots consisted of 4 x 10 bushes. The main treatments here consisted 
> of kelthane and endrin applied to separate series of plots on March 27, April 17 
» and May 8. Each treatment date had three replications and there was a double 
series of control plots. 
) In all cases insecticides were applied to run-off with a knapsack sprayer using 
» acoarse spray at about one gallon to seven bushes. Endrin was used as 0-04 per 
‘cent emulsion diluted from a 20 per cent succinate formulation kindly supplied 
by Dr. H. G. H. Kearns of Long Ashton Research Station. Kelthane was used as 
0-04 per cent emulsion diluted from a commercial formulation. Observations 
| were made on the four following pests apart from gall mite. 


The aphid, Hyperomyzus lactucae L., hatches early in the spring, its 
hatching generally coinciding with the time at which currant bushes first start 
into growth. In 1957, this species hatched during the second week of March in 
‘Lincolnshire. By grape stage the aphids had penetrated into the base of the 
unfolding blossom trusses and were largely protected from contact insecticides. 
Good control was not achieved until the blossom truss had fully expanded out 
of the sheathing leaf. At a still later date aphid colonies were associated with 
severe leaf curl which afforded protection, and they became again relatively 
invulnerable to contact sprays. 


The capsid bug, Lygus pabulinus (L.), hatched during the second week in 
April when the currant bushes were partly in flower. The earliest sprays did not 
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2 Plant Pathology 


have sufficient effective persistence against this pest. The great mobility of the 
bug made control difficult at fruit set and later when there was considerable 
leafy extension growth, and by this time serious damage to fruit and foliage had 
already occurred. 

The black currant leaf-curling midge, Dasyneura tetensi Riibs., began ovi- 
position soon after full flower and sprays applied earlier were largely ineffective. 
Collingwood (1953) stated, as a result of observations in the West Midlands 
extending over several seasons, that adults generally appeared first in late April 
and this timing on the whole has been remarkably consistent and coincident 
with the coming into flower of the host plant. The 1957 season was exceptionally 
early and flowering anticipated the appearance of the midge by about a week. 

The black currant sawfly, Nematus olfaciens Benson, was also present in low 
numbers. Brock (1956) has shown that the adult does not normally emerge until 
late May and June and spring washes would, therefore, have no effect on 
subsequent infestation. 
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Plots were assessed for damage at the end of May and early June. A scoring 
system was used as follows: 0 = absent; 1 = slight (present on not more than 
one main shoot); 2 = moderate (present on two or three main shoots); 3 = severe 
(present on at least four main shoots). In the first experiment at Sutton Bonington, 
assessments were made on each of the two bushes per plot. In the second experi- 
ment at Sutton Bonington and at Lenton, five centre bushes were examined per 
plot. Table 1 and the figure indicate the degree of control achieved with single 
sprays of endrin at Sutton Bonington. This closely followed the pest behaviour 
indicated in the previous section. Thus control of aphid was moderate at grape 
stage and only effective during the early flowering period when they were fully 
exposed. Best control of capsid was achieved with spray applications around 
full flower. The early spray at grape stage was nearly useless and those applied 
after flowering were too late to prevent severe damage. Optimum midge control 
was only obtained with sprays applied in the relatively short period between 
flowering and fruit set. 
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Spray Timing and Black Currant Pests 


TABLE 1 
Effect of Date of Spraying on Control of Black Currant Pests 





Mean Damage Rating per Bush 
Date of Spraying 








Aphid Capsid 
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Controls (mean of two series) aa a. Se . 1-85 
All double spray treatments - ee ste , 0-25 
Significant difference (P = 0-05) .. it <a . 0:55 0-53 














In the second experiment at Sutton Bonington, where double sprays were 
given at various dates, the effects of timing were rather obscured. Capsid 
control was in all cases very good and midge control adequate, but that of aphid 
was poor especially with the series applied after flowering. At Lenton, neither 
kelthane nor other materials, including organo-phosphorous systemic insecti- 
cides used in a subsidiary trial, were as satisfactory as endrin against the complex 
of pests discussed. (Table 2). 


TABLE 2 
Efficiency of Insecticides in Control of Black Currant Pests 





Rating of Damage by Pest 





: Other 
Control | Endrin | Kelthane | insecticides 





100 54 | 95 | 86 
100 65 96 65 
Insufficient infestation recorded 








DISCUSSION 


Grape stage sprays as customarily used have been shown to be too early for 
satisfactory control of three of the main pests of black currants. DDT is most 
commonly used at this stage and its performance against aphid and midge will 
certainly be no better than that of endrin. DDT may, however, have a more 
effective residual toxicity than endrin against capsid since there have been few 
complaints of poor control with this insecticide against this pest. Later spraying 
is essential, however, for midge control, and sprays should be applied either 
well before, or shortly after, grape stage for satisfactory aphid control. The 
optimum timing for the three pests considered unfortunately does not coincide, 
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but that for midge and capsid is fairly close and a spray at about full flower in 
a normal season should give adequate control of each. This has the disadvantage 
that pollinating insects, including bees, may be affected, but there is little 
evidence to suggest that this is of any economic importance in black currants; 
moreover, both DDT and endrin have been deliberately sprayed in plantations 
where hives were present and bees actively working without apparently having 
any adverse effect on the latter. 


We wish to thank Mr. F. C. Johnson and the Horticultural Management Committee for 
facilities at Sutton Bonington, and Mr. J. Heppell for assistance with the trial at Lenton. 


REFERENCES 
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THE RELEASE OF ASCOSPORES OF APPLE SCAB 
BY DEW 


by M. H. Moore 
East Malling Research Station, Kent 


IN the literature it is generally agreed that the discharge into the orchard air of 
ascospores of the apple scab fungus is normally stimulated by rain sufficient to 
wet the dead leaves thoroughly, so similar wetting from dew might be expected 
to do likewise. Nevertheless, Keitt and Jones (1926) state (p. 46) that in their 
experiments “‘wetting by dew was never observed to be sufficient to occasion 
any discharge of significance’. Similarly Hirst, Storey, Ward, and Wilcox (1955) 
record that from field experiments on apple scab in the Wisbech area of England 
“there was no evidence that dew wetted the perithecia sufficiently to eject 
spores...”. As these conclusions were deduced from spore-trapping, the 
following experiments were made to test the matter by a different approach. 


EXPERIMENTS 


Leaves of Bramley’s Seedling apple, naturally scab-infected in 1956 and 
picked just before normal leaf-fall, had been exposed to natural conditions on 
the ground in the open all the winter, and in March 1957, when many of the 
perithecia contained mature ascospores, were taken into a shed and air-dried. 
On April 3, a few of these now brittle leaves were selected towards evening and 
returned to the open in a wire basket on the ground. Next morning they were 
thoroughly wet and pliable, with large drops of water lying on their surfaces; 
this was dew water as there had been no rain. Numerous freshly-released 
ascospores of the scab fungus were found when loopfuls of the water were 
examined microscopically. 


A suitable fragment of another air-dried leaf direct from the shed was then 
inserted into the bottom of a drop of distilled water on a glass slide, so that the 
perithecial surface, uppermost, was submerged to a depth of 1-2 mm. A Van 
Tieghem cell (a) with a hanging drop of distilled water was sealed over the 
submerged fragment so that a 0-5 cm air space separated the two water surfaces. 





Release of Ascospores by Dew 


A similar cell (6) was constructed, but with a leaf fragment in this instance 
floating on the lower drop, and again 0-5 cm vertically between the drops. 
Great care was taken to prevent any water from reaching the upper (perithecia!) 
surface of the floating fragment except through the lower surface from the drop 
below. Within an hour, about 30 ascospores were detected microscopically in 
hanging-drop (5), and this number increased with time, but no spores were caught 
in hanging-drop (a) while the leaf fragment remained submerged. However, 
some hours later, when this cell was dismantled, a dense mass of freshly-released 
ascospores was seen in the immersing drop. The overlying surface water was 


allowed to evaporate, and a few spores were then caught in the hanging drop 
when it was restored to position. 


DISCUSSION 


The experiments showed that dew can release ascospores from the dead 
_ leaves, but that where surface water is retained, the spores are more likely to be 

submerged in it than to become airborne (Moore, 1957). When the surface 
water has evaporated, spore ejection into the air becomes possible while the 


leaf is still wet and any spores remain within it; if the dew has persisted all 
night there may be very few. 


Prolonged rain and heavy, persisting dew would probably be alike in immobil- 
' izing many ascospores after release, but the results of spore-trapping show that 

sometimes there must also be a difference between the action of rain and that 
of dew. Although the experiments were not designed to investigate these issues, 
they do suggest that periods of thorough, yet not prolonged wetting, followed 
by contrasting intervals during which surface water can evaporate, may be the 
conditions most likely to favour maximum air dispersal of spores. Such condi- 
tions are much more likely to occur during the day than at night (see Hirst et al., 
1955) and therefore to apply to rain rather than dew; and moreover, to rain as 
heavy showers rather than a prolonged soaking. Air turbulence near the ground 
during showery conditions would provide the impetus for freshly-ejected spores, 
momentarily suspended near the leaf surface, to reach the prevailing wind and 
eventually an elevated spore-trap. 


Under plantation conditions dead leaves will show differing degrees of 
surface wetting at any one time. Some, represented by cell (a), will retain surface 
water from rain or dew (or overhead irrigation); some may lie in such a way 
that any excess moisture drains from the surface, and others may be partly 
protected by their position and, as in cell (6), will receive only enough wetting 
to keep them turgid. Thus, even while general wetting persists, spores from some 
leaves might well become airborne, but only when all the circumstances are 
favourable; leaf-wetness merely facilitates release from the perithecia. Trapping 


spores from small flights is problematic, but a few infections may, nevertheless, 
originate from them. 


The bearing that dew has on fruit growing is evidently not always adverse; 
although it assists in promoting scab-infection periods, it may also prevent 
many ascospores from reaching the infection arena. 


I am indebted to Mr. R. D. Souter for his assistance in the experiments. 
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TRIALS OF TECNAZENE SMOKE GENERATORS 
FOR THE CONTROL OF BOTRYTIS IN LETTUCE 


by M. Brook* and C. G. C, CHESTERS 
Department of Botany, University of Nottingham 


THE use of a fungicidal dust formulation containing 5 per cent of 2:3:5:6- 
tetrachloronitrobenzene (tecnazene), for the control of Botrytis disease of 
lettuce is well known (Brook and Chesters, 1958; Last, 1952). Tecnazene can 
be evolved as a smoke from a generator containing a burning mixture 
(B.P. 1873/53), and some preliminary tests have been made of the fungicidal 
efficiency of tecnazene smoke generators. 


In the first experiment, designed to compare smoke and dust treatments, 
small generators containing 1, 2 or 4 grammes of tecnazene were used. These 
were fired inside a portable smokeproof hood, 2 feet 6 inches high, which 
fitted over a bed of 25 Arctic King lettuce plants spaced at 6-inch intervals in an 
unheated Dutch light structure. Two hours after discharge, when the smoke had 
settled, the hood was removed. On the same day, 5 per cent tecnazene dust 
applications were given to other plots. All treatments were duplicated on 
randomized plots. The lettuce in this experiment was planted on October 8, 
1952, treated once on December 18, and finally assessed on April 9. Table | 
summarizes the treatments and the results obtained. 


TABLE 1 
Comparison of Tecnazene Smoke and Dust Treatments, 1952-53 





Maximum Deposit of | Number of Surviving 
Treatment | Tecnazene Possible Lettuce 
mg per sq. ft (Max. Possible 50) 





One 1 g smoke generator ot vie a yy: 15 
40zof 5% dust persq. yd .. a iia 39-4 27 


One 2 g smoke generator = ae ¥ 143 36 
4 oz of 5% dust persq. yd .. ot ots 78°8 35 


One 4 g smoke generator re * 2 286 43 
1 oz of 5% dust persq. yd .. -— ua 157-6 34 


Significant difference 
P = 0-05 % is Sa es 6 
P = 0:01 wy - ~ eA 9 











* Subseuent investigation showed that the 1 g generators did not discharge their tecnazene as efficiently as the 
larger capacity generators. ' 


The lettuce in plots receiving 1 ounce of dust to a square yard were stunted. 
The remainder were unaffected, except for a slight leaf edge scorch on plants in 
plots receiving the highest dose of tecnazene smoke. These observations 
suggested that either the actual dose of tecnazene reaching the plants from the 
smoke generators was much less than the theoretically maximum possible dose, 
or the tecnazene discharged from a smoke was less inhibitory to growth than 
that distributed in a dust formulation. From the results of the test we concluded 





* Now at Product Research Division, Beecham Foods Ltd., Brentford, Middlesex. 
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Tecnazene Smoke Generators for Control of Botrytis in Lettuce 


that teenazene smokes could be used to produce a control of Botrytis disease 
of lettuce without harming the crop if the dose rate was about 140 mg to a 
square foot of bed or 1 ounce to about 200 square feet. 


In the following year, a test was carried out on a commercial crop in an 
unheated, Dutch light structure, 100 ft x 9 ft x 8 ft 6 in. high at the ridge. To 
assess the value of the smoke treatment, a section of bed, 72 ft long and 4 ft 6 in. 
wide, was covered with a light, gasproof tarpaulin each time the smoke generators 
were discharged. On October 6, a pre-planting fumigation was given with four 
l-ounce generators, applying about 126 mg per square foot (1 oz per 225 sq. ft). 
Arctic King lettuce were planted at 9-inch spacing on October 8. On November 4, 
a second fumigation was given using two l-ounce generators (63 mg per 
sq. ft). The dose was insufficient to fill the house with smoke so that for the final 
fumigation, on December 4, three 1-ounce generators were used (giving about 
944 mg per sq. ft). 

No ill effects on the crop were seen and it was cut for market on March 30, 
1954. On this date, 55 per cent of the plants in the untreated section had died 
from Botrytis disease. In the treated section 33 per cent had died. This season, 
the loss of untreated plants was exceptionally high and this high disease incidence 
was a severe test of the smoke treatment, which was beneficial. 

During the same year a comparison was made of smoke and dust treatments 
on Arctic King lettuce plants grown 30 to a box (15 in. x 10 in. x 4 in.), 
the plants being pricked off into boxes a week before being treated. The boxes 
receiving smoke treatment were placed on the floor of an unheated glasshouse, 
floor area 300 square feet, while a single 1-ounce smoke generator was released. 
Three hours later they were removed to a second, unheated Dutch light where 
they were arranged in randomized blocks along with untreated and dusted boxes 
of plants. Ten boxes were used for each treatment. The treatments were 
applied on December 4, and January 5, and the survivors were counted on 
February 18 (Table 2). 


TABLE 2 
Comparison of Tecnazene Smoke and Dust Treatments, 1953-54 





Maximum Deposit of | Number of Surviving 
Treatment Tecnazene Possible Lettuce 
mg per sq. ft (Max. Possible 300) 





Untreated = es re on a — 20 
tozof 5% dust persq. yd .. Le as 39-4 242 
One 1 oz smoke generator per 300 sq.ft .. 94-5 219 


Significant difference 


P = 0-05 pe <i is Re 23 
P = 0-01 = ae a ai 30 











_ In the same season, a large-scale trial was conducted at Surfleet, Lincolnshire, 
in three identical adjacent houses, each containing 10,000 May Queen- 
lettuce plants bedded out, 9 inches apart, on November 25. Gaps were filled on 


| December 3, and a week later two of the houses were fumigated with l-ounce 


generators using a dose of 1 generator for each 400 square feet of bed (71 mg per 
sq. ft). The central house was treated with } ounce per square yard of a 
proprietary 5 per cent tecnazene dust. On January 17, 27 plants had died from 
Botrytis in the dusted house, 36 died in the first fumigated house, and 35 in the 
second. 

Tecnazene generators were used in an unheated glasshouse, 60 ft x 30 ft x 
12 ft at the ridge, at Spalding. The house was planted with May Queen on 
December 1, 1953, and treated with four 1-ounce generators (1 oz per 45 sq. ft), 

(72065) A*3 





8 Plant Pathology 


on December 9, and at monthly intervals, until March 19, making four 
applications in all. The crop was cut for market on April 8, when 40 plants 
from a total of 2,000, or 2 per cent, had been lost. There was not a strictly 
comparable house as a control, but a similar house on the same site without 
fungicidal protection, planted and harvested three weeks earlier, had a loss of 
4} per cent, and a third house which was fumigated once had a loss of 3 per cent. 
It is therefore reasonable to suppose that the tecnazene smoke generators had a 
protective fungicidal effect. 

Analytical results of Higgons and Toms (1957), show that in commercial 
houses the deposit of tecnazene on the floor represents about 25 per cent of the 
amount present in the generators, and for similar conditions the deposit increases 
as the dose increases. Thus, from their data, to ensure a deposit of tecnazene 
on the soil equivalent to that obtained by using } ounce of 5 per cent dust to a 
square yard it would probably be necessary to use a dose rate of about 1 ounce 
of tecnazene in a smoke generator for every 180 square feet of bed. This 
corresponds closely with the value of 1 ounce to 200 square feet calculated from 
our data in Table 1. In most of our experiments a lower dose rate was used 
and where a dust was used for comparison it was superior to the smoke treatment. 
The smoke treatment is, therefore, more extravagant of tecnazene than the dust 
method of applications. At current costs, a 2-ounce generator costs 6s. and 
$ ounce of 5 per cent dust per square yard would cost 3s. 2d. for 600 square feet 
or 2s. 2d. for 400 square feet. However, if four applications are given in a 
season, the cost of the smoke treatment is cheap—about jd. per plant if using 
1 ounce to 300 square feet, and $d. per plant if using 1 ounce to 200 square feet. 


POSSIBLE USES AGAINST OTHER DISEASES 
If proved safe, tecnazene smoke generators may be of value for the control 


of Botrytis on tomatoes and chrysanthemums and as fumigants in bulb stores. 
When used at 1 ounce per 1,000 cubic feet we found them safe on established 
tomatoes (Ailsa Craig, Moneymaker, Potentate) and chrysanthemums (in 
flower), but young tomato plants (6 inches high in 3-inch pots) were damaged 
at half this dose. Tomato plants exposed to tecnazene smoke (1 oz to 1,000 cu. ft), 
and then sprayed with a suspension of Cladosporium fulvum spores developed 
leaf mould ten days later. 

As tecnazene is used as a potato sprout inhibitor (Brown, 1947; Brook and 
Chesters, 1957) the smoke generators may be of value in indoor potato stores 
where it may be practicable to fire them in the ventilation shafts and so spread 
the vapour throughout the crop to prevent premature sprouting. We tried 
exposing 1 cwt of Majestic potato tubers in December 1954 to tecnazene 
fumigation (4 oz to 1,000 cu. ft), and then storing them in a sack in a cool barn 
until the following spring. By May 1955, the sprouts on the fumigated tubers 
were only just showing but those on untreated tubers were several inches long. 


CONCLUSIONS 


Tecnazene smoke generators are promising, and merit further investigation, 
as a method of controlling Botrytis disease of lettuce in unheated glasshouses. 
They are more extravagant of tecnazene than a 5 per cent dust formulation but 
are nevertheless inexpensive in use. The dose for commercial houses should 
probably allow about 1 ounce of tecnazene for every 200 square feet of bed. 
They merit investigation for use on other crops susceptible to Botrytis disease 
such as tomatoes and chrysanthemums, as fumigants for bulb stores and for 
use in potato stores to check premature sprouting. 

We are indebted to Boots Pure Drug Company Ltd for permission to use the results of 


experiments carried out by one of us (MB) when a member of the staff of Lenton Experi- 
mental Station, and to WAECO Ltd., Salisbury, for the experimental smoke generators. 





Tecnazene Smoke Generators for Control of Botrytis in Lettuce. 
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EFFECTS OF 
DEMETON-METHYL ON SOME APHID PREDATORS 


by M. J. Way 
Rothamsted Experimental Station, Harpenden, Herts 


THE systemic insecticide demeton-methyl has proved outstanding as a powerful 
aphicide which is safer to mammals than demeton or schradan. In Britain, it 


was used extensively in 1957 to stop aphid attacks on many crops and also in 
attempts to prevent spread of aphid-transmitted virus diseases. Little is known 
about its possible harm to beneficial insects ; field experiments were therefore 
done to compare its action on some aphid ‘predators with that of parathion, 
which is known to kill many predators, and schradan which is virtually harmless 
to them. 


MATERIALS AND METHODS 


Commercial insecticide formulations were used, emulsions of parathion and 
demeton-methyl having the same content of the same emulsifier (6 ounces per 
acre of benzoyl-p-oxydiphenyl-polyglycolether) in the diluted spray. The 
emulsifier of the schradan preparation and its content were not known. A 
spray made from a 20 per cent DDT wettable powder was also used. 


Except for DDT, the weights of active ingredient were based on those 
recommended for aphid control on farm crops and per acre were : parathion— 
3 oz, demeton-methyl—6 oz, schradan—18 oz and DDT—18 oz. All were 
applied in 60 gallons of water per acre at 80 lb per square inch pressure, using 
a tractor-drawn spraying machine. The wide-angle hollow-cone spray nozzles 


were set 22 inches apart with one nozzle spraying vertically down on each row 
of crop. 


The treated crop was spring-sown tick beans, drilled in rows 22 inches apart 
and heavily infested by the black bean aphid Aphis fabae Scop. The insecticides 
were applied on July 9, 1957, about a month later than for practical aphid 
control. This delay ensured a big aphid population, about 3,400 per stem or 
690 million per acre, with abundant predators. Three plots were unsprayed 
and three sprayed with each insecticide, one in each of three randomized blocks. 
Plots were 54 feet long and 36 feet (20 rows) wide, all experiments being done 
within the centre 20 feet by 8 rows of each plot. 


(72065) A*4 
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EFFECTS ON ADULT COCCINELLIDAE 


Adult Coccinellidae are likely to fly from the treated plots before the effect 
of the insecticide can be determined. It was therefore necessary to cage them 
on treated plots, thus probably enhancing any effect of the insecticide. 


Immediately after the crop was sprayed, terylene net sleeves 12 inches long 
and 6 inches in diameter were tied on the top 3-4 inches of eight bean stems 
chosen at random in each set of treated plots. The net, of fine weave with a 
mesh size of 0-05 inch, reduced light intensity and air movement by only 
about 20 per cent. Five adult Coccinellidae, from a carefully randomized batch 
collected in the field on the previous day, were enclosed in each sleeve. There 
were three species, the Two-spot ladybird—Adalia bipunctata L., the Seven-spot 
ladybird—Coccinella septempunctata L., and the Eleven-spot ladybird Coccinella 
11-punctata L., in the proportions of 53 per cent, 35 per cent and 12 per cent 
respectively. After three days the sleeved stems were collected and the kills 
recorded (Table 1). 


TABLE 1 
Percentage Kills of Adult Coccinellidae Sleeved on Field Beans 
Immediately After Spraying 


| 





Coccinellid Species 
Insecticide 
2-spot 7-spot 11-spot 


Parathion .. ne KS “4 a 100 | 93 
Demeton-methyl ae 100 62 





Schradan 4 . 
0 


ro ee ae 28 
rae Ae jg ey Oe 


Untreated 





The data show that parathion.and demeton-methyl were poisonous to the 
three species of adult Coccinellid, and confirm that the schradan treatment was 
harmless (Ripper, Greenslade and Lickerish, 1949). Evidence that C. septem- 
punctata is less susceptible than the other species to several insecticides is also 
confirmed (Way, Smith and Potter, 1954). 


Eight to twelve Syrphid larvae per treatment were found in the sleeved stems 
when they were examined. All were dead on demeton-methyl and parathion 
treated stems and none on the DDT, schradan and untreated stems. 


MORTALITY OF NATURALLY-OCCURRING PREDATORS 


Before the plots were sprayed, sheets each 6 feet by 2 feet were laid on the 
ground and fastened at the corners between pairs of bean rows, six sheets for 
each set of treated plots. Immediately after spraying, the stems on either side 
were bent inwards so that insects falling from them would land on the sheets. 
After one day the stems were shaken over the sheets which were then removed 
and examined. Apparently-normal insects could readily be distinguished from 
those that were dying except with Syrphid larvae where the ability to crawl when 
placed on a warm plate was used when necessary as the criterion. Larvae 
and adults of Propylea 14-punctata L. were found, as well as those of the 
three Coccinellid species already mentioned. The Syrphid larvae were of 
all ages, and adults reared from them included Platychirus sp., Scaeva pyrastri L., 
Syrphus ribesii L. and S. luniger Meig., the last named being the most common. 
102 of the 132 adult Anthocoridae collected in the experimental area were 
Anthocorus nemorum L., the rest being Orius majusculus Rent. A few Chrysopid 
and Cecidomyid larvae and Miridae were seen but not counted. 
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Table 2 shows the totals of dead and dying and of apparently normal 
predators found on the six sheets from each set of treated plots. 


TABLE 2 
Aphid Predators Collected on Sheets in Insecticide-treated Bean Plots 





Coccinellidae Syrphidae Anthocoridae 





Insecticide 


Larvae Adults Larvae Adults and Nymphs 
Dead Normal| Dead Normal| Dead Normal| Dead Normal 





Parathion ; 0 247 20 
Demeton-methyl 4 200 52 
Schradan oid 34 48 186 
Untreated oe 46 36 180 

















It is probable that many active forms, particularly adult predators, were able 
to fly or crawl from the sheets before becoming sufficiently affected ; nevertheless, 
in parathion and demeton-methyl treated plots there were many dead or 
moribund predators especially Coccinellid and Syrphid larvae with some 
Coccinellid adults and Anthocoridae. Some of the dead Syrphid larvae from 
schradan and untreated plots appeared to be diseased. 


Table 2 shows that some Syrphid larvae seemed unaffected by the parathion 
and demeton-methyl treatments. Such survival is important and was studied 
in more detail in the next experiment. 


PREDATORS SURVIVING AFTER TREATMENT 


Two white enamel trays, each 1 foot 9 inches by 1 foot 6 inches, were placed 
together on the ground between two bean rows each 3 feet 6 inches long. 
Predators dislodged from the bean stems by shaking them vigorously over the 
trays were collected with an aspirator. This method was used to collect living 
predators from the plants immedately before, and at one and six days after 
spraying. Before spraying, the collection was made from twelve random pairs 
of rows, 3 feet 6 inches long, in the experimental area. After spraying, four row 
pairs were sampled from each set of treated plots. Total predators found per 
four row pairs are given in Table 3. 


TABLE 3 


Living Aphid Predators Collected on Trays Before and After Treatment 
of Bean Plots with Different Insecticides 





Coccinellidae phidae Anthocoridae 





Time of Sampling Treatment 


Larvae | Adults | Larvae Adults and 





Immediately before treat- 
ment .. : = 27 


— 
— 


Afterone day .. .. | Parathion a 4 
—— 13 
Schradan : 24 
Untreated fia 40 


—_ 


After six days .. .. | Parathion - Z 
Demeton-methyl 0 
Schradan Sie 22 
Untreated fie 15 


on uwn CAUSE 


— 
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Some of the adult Coccinellidae and Anthocoridae which were collected may 
have entered the plots after they were sprayed, but this was not possible for the 
larvae of which a notable number survived the demeton-methyl and parathion 
treatments. After six days, apparently normal newly-hatched Syrphids and 
Anthocorids were found in demeton-methyl] treated plots; also, newly-hatched 
Syrphids in parathion plots. Thus, some eggs were unaffected by these 
insecticides. Furthermore, batches of Coccinellid eggs collected in all treated 
plots, and kept in the laboratory, hatched normally apart from a few that were 
cannibalized. 


One day after spraying, no living aphids were found on the demeton-methy| 
treated plots whereas some were still alive after six days on parathion and 
schradan plots. This could affect the numbers of adult predators, which would 
not remain where aphids were absent. 


DISCUSSION 


These preliminary experiments show that demeton-methyl, like parathion 
but unlike schradan, can kill adult and larval Coccinellidae, larval Syrphidae and 
adult and nymphal Anthocoridae when sprayed on a crop at the recommended 
rate for aphid control. Some adult Coccinella septempunctata and Coccinellid 
and Syrphid larvae survived, as well as some Coccinellid, Syrphid and Anthocorid 
eggs. Such survival is important but this evidence needs to be substantiated for 
different crops under different spraying conditions. Translocation and 
persistence of systemic insecticides is less pronounced in beans than in some 
other plants, and the insecticides may therefore have less effect on eggs, especially 
of Anthocoridae which are embedded in the plant; also, the crop was sprayed 
about one month later than for practical aphid control and, as it had ceased 
growing, translocation of systemic insecticide may have been negligible. The 
dense aphid colonies on the well-grown crop covered some of the younger 
Syrphid larvae, possibly protecting them from the insecticide and enabling them 
to remain feeding in protected situations without having to search and thereby 
come into contact with insecticide-treated surfaces. 


It seems that in these experiments conditions were such that survival of 
predators was more likely than in field practice. Demeton-methyl, therefore, 
acts like demeton which is known to kill some beneficial predators and parasites 
(Ahmed, Newsom, Emerson and Roussel, 1954; Way, Smith and Potter, 1954). 
This is undesirable in view of the many pest outbreaks that have been reported 
as induced by destruction of natural enemies by insecticides (Solomon, 1953; 
Ripper, 1956). 

Instances where parathion has proved unsatisfactory show that an insecticide 
should not leave a proportion of the pest population undestroyed whilst killing 
most of its natural enemies; local resurgence of the pest is then possible. In 
this respect parathion is unsuitable for aphid control on farm crops for, even 
when carefully applied, it leaves some aphids unharmed (Wright and Wheatley, 
1953). By contrast, demeton-methyl can give virtually complete aphid control 
(Way, Aitkenhead and Bardner, 1958) thus making a local resurgence less likely 
despite its destruction of natural enemies. There is no published evidence that 
such harm has resulted from the use of demeton-methyl for aphid control. It 
is unfortunate, nevertheless, that schradan, with its ideal specificity, is not such 
a good aphicide as demeton-methyl, that it has a higher mammalian toxicity, 
and is more costly. 

Apart from any local transitory resurgence that may be caused by destruction 
of natural enemies, there could be a long-term effect. There is evidence that if 
an insect pest population is reduced to a very low density, its natural enemies 
rapidly become scarce thus enabling the insect to return to pest density sooner 
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than it would otherwise do. For this reason it has been suggested (Ullyett, 
1947; Ripper, Greenslade and Hartley, 1951) that virtual obliteration of a pest 
population by an insecticide is undesirable; selective insecticides should be used to 
keep the insect below pest density but high enough for a satisfactory ratio to be 
maintained with its natural enemy population. By this means the frequency of 
pest outbreaks, and hence the need to use an insecticide, would be reduced to a 
minimum. Delicate handling of the insecticide would be needed and, with 
aphids, a knowledge of their natural control about which relatively little is 
known at present. It remains to be shown whether aphicides can be used in 
this way, especially in problems of plant virus control where the numbers of 
the aphid vector may need to be kept below the level at which a satisfactory 
equilibrium with natural enemies can be maintained. In any case, whether or 
not alternative methods are possible, there is reason to question the value of 
control measures which aim at aphid extermination, though it has not yet been 
proved that in Britain they are doing harm. 


An understanding of the problem is complicated by the instability of the 
annual crop habitat and by aphid behaviour. Most crop aphids make several 
changes of host plant during the year, perhaps by migrating many miles; many 
of their natural enemies are also active species. This behaviour indicates that 
the numbers of a crop aphid species are regulated by widespread interactions 
over a large area and may be little affected by what happens in a few scattered 
fields. In this connection it must be remembered that most aphid predators and 
pathogens (though perhaps not parasites (George, 1957)) breed on many 
different aphid species on untreated crops and natural vegetation. Therefore, 
the reduction of one aphid species to low density does not necessarily lead 
to its temporary release from natural control. An increased frequency of 
harmful aphid populations seems most likely in areas with a high concentration 
of treated crops where insecticides may alter the crop aphid population over a 
large area, for example, some brassica-growing areas and also those parts of 
eastern England with little natural vegetation where an increasing acreage of 
sugar beet, potatoes, field beans and other crops may be treated. 


I am indebted to Dr. H. C. Gough and Mr. A. H. Strickland for their criticisms of the 
manuscript and am also grateful to Miss Patricia Sanders for valuable assistance, to Dr. T. R. E. 
Southwood for identifying the Anthocoridae and to Mr. J. R. Moffatt for providing an 
unsprayed commercial bean crop for the experiment. 
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SOME PHYSIOLOGIC RACES OF USTILAGO 
HORDEI AND U. AVENAE IN SCOTLAND 


by ELIZABETH G. GRAY 
North of Scotland College of Agriculture, Aberdeen 


ON much of the shell sand soil of the north and west coasts of Scotland and the 
outlying islands, only a limited range of cereal varieties can withstand the mineral 
deficiencies and the exacting physical conditions. The bere barley and black 
oat (Avena strigosa) which are grown extensively in Orkney, Shetland and the 
Outer Hebrides are susceptible to covered smut, Ustilago hordei (Pers.) Lagerh., 
and Murkle, the black variety of A. sativa grown in Orkney, is susceptible to 
loose smut, U. avenae (Pers.) Rostr. The dry soil and relatively high temperature 
at sowing time in these areas favour infection. The seed used on the shell sand 
is grown locally and in many areas is not disinfected. Thus heavy infection with 
smut is common in the islands and smut diseases continue to be of economic 
importance there whereas they have virtually disappeared from the rest of the 
country. 


It has been demonstrated that the output of cereals from these problem areas 
could be increased greatly by seed treatment, by manuring and spraying to 
correct mineral deficiencies so that improved varieties could be grown, and by 
introducing specially-bred varieties which withstand the deficiencies. One such 
variety which has done well on soils where hitherto only A. strigosa was grown 
is §.171 (A. strigosa x brevis), reputed to be resistant to smuts. However, in 
South Uist and Benbecula its resistance broke down within two years of its 
introduction, and covered smut appeared in the crops (Gray, 1954). This 
indicated that a distinct strain of covered smut of oats was present in north 
Scotland. Since resistance to smuts would be a desirable character in cereals 
bred for the shell sand areas, some collections of smut spores have been examined 
with a view to identifying physiologic races. 


MATERIALS AND METHODS 


Tests were made of six collections of U. hordei from Hordeum sativum, five of 
U. hordei from Avena spp., and three of U. avenae from Avena spp. Details of 
the origins of these collections are given in the table. 


Seed of the varieties used by Tapke (1945) to identify races of U. hordei on 
barley, and by Holton and Rodenhiser (1948) for races of oat smuts, was 
obtained from Dr. W. J. Cherewick and Dr. D. J. Griffiths. The oat variety 
Atlantic was used in place of Lelina, and Beacon and Mabel, additional oat 
varieties used in Canada, were included in the tests. All the oat smut collections 
were tested also on R.30, Murkle, S.171 and A. strigosa from Foula and South 
Uist. Seed of a number of varieties and species of barley and oats, obtained from 
Mr. Donald Cameron and Dr. Griffiths, was inoculated with a mixture of smut 
spores from all collections with the object of eliminating susceptible lines. 
After the first series of inoculations, seed of the test varieties was multiplied at 
the College trial grounds at Craibstone. Infection was by the spore suspension 
method (Ainsworth and Sampson, 1950). The seed was sown in tins in a cool 
glasshouse, and, as a rule, twenty-five plants of each treatment were grown to 
maturity. During autumn and winter, high pressure mercury vapour lamps 
were used to supplement daylight. 


id 





Physiologic Races of Ustilago Hordei and U. Avenae 


Results of Inoculation of Oats and Barley with Ustilago Hordei and 
U. Avenae from Various Sources, 1954-57 





Ustilago hordei from : 


Barley 
Bere (14-18)* 
Two-rowed barley (19) 


Oats 
A. strigosa (7-10) 


A. sativa R.30 (12) 


All proved identical with American race 6, infecting Hannchen, 
Lion, Odessa and Trebi. 


All produced 100 per cent infection in A. strigosa (Foula and 
S. Uist) and S.171 ; they also infected selections of A. byzantina 
(0532) and A. barbata x strigosa (0582) ; they did not infect 
S.75 or any variety of A. sativa. 

Infected Anthony (100 per cent), Beacon (50 per cent), R.30, 
Murkle and A. strigosa (S. Uist). 





Ustilago avenae from : 


A. sativa 0573, 0577 (4) 
(Star x Albyn Donside) 


A. sativa Murkle (1) and 
A. strigosa (20) 


Proved identical with American race A 1, infecting Anthony, 
Black Diamond, and Victory and also R.30, Murkle, A. strigosa 
(S. Uist), selections of A. byzantina and A. barbata x strigosa 
behaved alike, infecting Anthony (100 per cent), R.30, Murkle, 
A. strigosa (S. Uist), and selections of A. byzantina. 








* Collections from : 
1. Burray, Orkney; 4. S.P.B.S., Edinburgh; 7. Nunton, Benbecula; 8. Eoropie, Lewis; 10. Walls, 
Shetland ; 12. Alford, Aberdeenshire ; 14. Quendale, Shetland ; 15. Burray, Orkney ; 16. Baleloch, N. Uist ; 
17. Griminish, Benbecula ; 18. Eoropie, Lewis; 19. Ollaberry, Shetland ; 20. Burray, Orkney. 


DISCUSSION OF RESULTS 


In spite of the relative isolation of the groups of islands, it would seem from 
preliminary tests that the smut population is fairly uniform. According to 
Tapke (1945), race 6 of U. hordei on barley, to which the island collections appear 
to belong, is by far the most generally important in the United States. 


All the collections of U. hordei from island crops of A: strigosa resemble each 
other in their ability to infect $.171 and in failing to infect any variety of A. sativa 
yet tested. Two of the cultures of covered smut of oats, C, and Cy, isolated by 
Williams and Verma (1954) from samples of A. strigosa, did not infect varieties 
of A. sativa but differed in their reaction on one sample of A. strigosa subsp. 
strigosa (Schreb.) Thell, and it may be that similar differences also exist in the 
Scottish collections. 


Collection 12 (U. hordei from R.30) was used also by Williams and Verma 
(culture Cs, Williams and Verma, 1954). They too found that it infected only 
Anthony of the standard American test varieties and cannot therefore be 
identified at present with any known race. 


Of the material of U. avenae, collection 4 invariably gave the reaction of the 
American race Al. Collection 20 was obtained from a crop of A. strigosa 
growing near infected Murkle. In view of the susceptibility of A. strigosa to 
smuts, it is not surprising that this isolate should react in the same way as 
collection 1, loose smut from Murkle. Williams and Verma (1954) obtained 
2 per cent infection of Anthony in field tests with collection 1 (their culture L,) 
and could not infect any other test variety with it. 


The use of mixed inoculum in testing for resistance is not entirely satisfactory 
because of the possibility that hybridization will produce strains of altered 
virulence (Leitzke, 1937). It is, however, a convenient method of eliminating 
a number of susceptible forms. 


_ Inoculum composed of spores from all collections of U. hordei from barley 
infected Maja but not Anoidium, Hokudo, Ogalitsu, Harlan or Jet. 
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Inoculation with a mixture of all the oat smut collections produced infection 
in a range of sativa varieties, in all the eight lines of Murkle tested, in duplicated 
A. strigosa from the Scottish Plant Breeding Station, in five lines of A. strigosa 
from Scotland and one from Portugal, one of A. strigosa variety typica from 
Russia, one of A. strigosa (alba-brevis) and one of A. strigosa nigrescens from 
Portugal, in one line of A. barbata x strigosa, one of A. barbata, one of A. 
sterilis and ten of A. byzantina. All the lines of Murkle so tested showed 
symptoms of loose smut, whereas covered smut developed in most of the 
susceptible strigosa selections. 


Three selections of A. brevis, single lines of A. strigosa from Belgium, Bulgaria, 
Portugal and Uruguay respectively, and S.75, were resistant in a series of trials. 
In a single trial, a number of selections of A. sterilis, A. byzantina, A. barbata and 
A. abyssinica were not infected and will be further tested if they are ever required 
for breeding work. 


I am indebted to Mr. Cameron, Dr. Cherewick, Dr. Griffiths and to my colleagues the 
agricultural advisers for the island counties for seeds and for help in collecting infected material. 
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A FUSARIUM ROT OF BULBOUS IRIS 


by D. J. HARRISON 
States of Guernsey Horticultural Advisory Service 


IN the autumn of 1956, during the course of port inspections, iris bulbs from 
Holland and the Mediterranean area were frequently found to be infected with 
a basal rot. In many of the crates examined, bulbs which at first sight appeared 
quite sound were found to be diseased when subjected to a closer scrutiny. 
Characteristically, the disease took the form of a soft brown rot extending 
upwards from the root plate into the bulb scales. Where the bulbs were badly 
affected the root plates could be lifted away, revealing a rotted interior. 
Occasionally a pinkish growth of mycelium was found beneath the membranous 
outer-covering scale (Plate I, 1). Isolations made from these bulbs invariably 
yielded a species of Fusarium, which was identified by Dr. F. Joan Moore as 
a form of Fusarium oxysporum Fr. The extent of the infection varied considerably 
between individual consignments, and during the course of the season counts 
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of from nil to 15 per cent were recorded. The condition was not restricted to 
any particular variety or size of bulb, although the higher counts were 
generally in the variety Wedgwood. 


INOCULATION TESTS 


To establish the pathogenicity of the fungus, and to learn something of its 
potential horticultural significance on the Island, a series of experiments were 
set up. These experiments were conducted in an unheated glasshouse, using 
uncooled 9 to 10 cm Wedgwood iris bulbs. 


In the first experiment thirty bulbs were individually inoculated at the base 
with a suspension of mycelial fragments of the fungus, and then planted singly 
in pots of sterile soil. Ten controls were treated with sterile water only. 
Disease symptoms began to develop in the inoculated bulbs three weeks after 
planting and within six weeks the rot had spread so that in many cases the bulbs 
and root systems were partly destroyed. From the point of inoculation, the 
greyish water-soaked rot extended upwards in the fleshy scales, between which 
the pinkish mycelium of the fungus frequently developed. Re-isolation of the 
fungus was obtained from twenty-four out of the thirty bulbs inoculated. 
In no instance was the fungus isolated from the control bulbs, although two 
of these failed from a Penicillium rot. 


A characteristic feature of the Fusarium disease was that the bulb rot frequently 
resulted in a divergence of the stem and foliage from the vertical, although this 
never occurred to quite the same extent in the experiments as on commercial 
crops, where the curvature of the growth from infected bulbs proved a valuable 
diagnostic feature (Plate I, 2). 


In a second experiment, to test possible routes of bulb infection, forty healthy 
bulbs were induced to produce roots in moist cotton wool, and they were then 
secured, individually, by means of plasticine, at the mouths of 250 ml conical 
flasks containing moist sterile soil. The roots were carefully pushed down the 
necks of the flasks, leaving a gap of about 14 inches between the root plates 
and the soil level so that only the roots contacted the soil. Before the bulbs 
were seated, the soil in thirty of the flasks was inoculated with Fusarium oxy- 
sporum; the soil in the other ten flasks being left uninoculated for the ten 
controls. 


The roots developed well within the flasks and the experiment was terminated 
when they were full of roots. The bulbs with their roots were then removed and 
washed. Many of the roots from the inoculated soil showed distinct brown 
lesions and/or were rather shrunken and soft. Forty-five roots (from twenty-five 
bulbs) from the inoculated soil were treated with 5 per cent calcium hypochlorite 
for 60 seconds, washed, and then plated out on potato dextrose agar. Fusarium 
oxysporum was re-isolated from thirty-two of these roots (from nineteen bulbs) 
giving a 76 per cent recovery of the fungus. Twenty roots (from nine bulbs) from 
the control flasks, similarly treated and incubated, proved free from the fungus. 
This experiment indicated, therefore, that one route of infection to be expected 
in the field, in the country of origin, is through the roots. 


In a third experiment, to test for spread of the disease in the soil, infected 
bulbs were planted centrally in whale-hide pots, with four healthy bulbs. 
There were twenty pots with the healthy bulbs one inch from the infected bulb, 
and twenty with this spacing increased to two inches. There were also ten controls. 
With neither spacing did the fungus spread from the diseased to the healthy bulbs, 
although it remained active on the central infector for a long period. A flower 
crop of good quality was obtained from all the healthy bulbs. 
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In Guernsey it is frequently the practice to follow or to interplant iris with 
gladioli. Therefore, a further experiment was made to test whether or not the 
form of Fusarium oxysporum affecting iris would also infect gladioli. Eight dry 
corms of each of two varieties of gladioli (Snow Princess and Allard Pearson) 
were inoculated at the base, and then planted individually in pots of sterile 
soil. For controls, four corms of each variety were inoculated with sterile water 
only, and similarly planted. No infection occurred in either variety. 


CONCLUSIONS 


The results of these experiments indicate that a strain of Fusarium oxysporum 
causes a rot of bulbous iris. The disease has been recorded in the United States 
by Creager (1933) and Gould (1950). The fungus does not spread in the glass- 
house from diseased to healthy bulbs in the soil—or not to such an extent as 
to influence flower production. This suggests that the disease will not be a 
major problem to iris growers where the conditions of cultivation are similar to 
those in the experiments, unless, of course, badly-infected stocks are planted. 
Spread was not tested under conditions of sustained high temperatures, as 
heated glass was not available. High temperatures would probably have favoured 
the fungus, but the iris requires cool growing conditions and in any case high 
temperatures would probably be detrimental to flowering. 


The available evidence from field and port observations suggests that the 
temperatures occurring when the bulbs are lifted, dried and stored, have a 
considerable influence on the development of the disease, and that high temper- 
atures in transit hasten the incubation. Laboratory examination of pure cultures 
has shown that the optimum temperature for the fungus is 70-80°F, verifying 
that the fungus is typical of the genus in its temperature requirements. 


No information is available concerning the dissemination of the disease in 
storage, but similar infection levels at the port (3 per cent) have resulted in 
different infection levels in bulbs when planted in glasshouses (3 and 20 per cent). 


A feature of the disease complex that has proved to be of considerable 
interest is the rapidity with which, in many instances, species of Penicillium 
have developed in the bulbs following a Fusarium rot. Frequently it has proved 
difficult to re-isolate Fusarium oxysporum following such secondary infection. 
Penicillium corymbiferum has often been found occurring in such a manner, and 
also in the capacity of a primary injector. 


For the control of the disease, careful sorting on the part of the consignee 
appears to be called for, and this is especially important if the stock is to be 
retained and grown on outside land where infection might build up. Steam 
sterilizing of soil should prove adequate for control under glass. It is probable 
that a chemical dip for the bulbs before planting would prove beneficial, but no 
specific recommendations for this can be made at present. The survival of the 
fungus in the soil is a problem that warrants study, especially in relation to 
outdoor iris cultivation. 


Thanks are due to Mr. V. Stansfield for the photographs. 
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A FUSARIUM ROT OF BULBOUS IRIS 


|. Severely affected bulbs, showing mycelial growth of Fusarium oxysporum apparent when outer 
membranous scale is removed. 


2. Characteristic curvature of the growth from infected bulbs, as seen in the field. 


PLATE I 
Plant Pathology, Vol. 7, No. 1 


4*** 





BLACKBERRY MITE (see p. 37) 


““Redberry” condition of cultivated blackberry in which fruits f; 
Phytoptus essigi. 


PLATE II 





OOSPORES OF PERONOSPORA SCHACHTII (see p. 38) 


Photo: Rothamsted Experimental Station 


1. Oospores in a sugar beet leaf infected with downy mildew, collected in Lincolnshire, 
May 1956. x 400. 





PHYTOPHTHORA VERRUCOSA ON DAHLIA (see p. 38) 


2. Young dahlia plants showing wilting at base, and stunting of root system. 
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BIG VEIN DISEASE OF LETTUCE 


1. Left: Healthy leaf. Right: Leaf with big vein showing vein banding. Natural infection 


Photos: National Vegetable Research § «tion 


2. Left: Healthy plant. Right: Plant with big vein showing “‘savoying” of the outer le: ves. 
Natural infection. 
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BIG VEIN DISEASE OF LETTUCE IN BRITAIN 


by J. A. TOMLINSON and BripGeT R. SMITH 
National Vegetable Research Station, Wellesbourne, Warwick 


BIG vein disease of lettuce was first found in California and described by 
Jagger and Chandler (1934). It is now known to be widespread in the U.S.A. 
(Thompson, Doolittle and Smith, 1944) and it also occurs in New Zealand 
(Fry, 1952) and Germany (Bremer, 1956). The possibility that the disease might 
be present in Britain was first indicated by Ogilvie and Hickman (1937) who — 
reported the occurrence of symptoms resembling big vein on lettuce at Long 
Ashton, near Bristol. Ogilvie (private communication) subsequently noted 
similar symptoms on lettuce in the Bristol area but attempts to confirm the 
identity of the disease were unsuccessful. 


In May 1957, specimens of cos lettuce (variety: Lobjoit’s green) showing 
symptoms resembling those of big vein were received, through officers of the 
N.A.A.S., from a farm at Esher, Surrey. We visited this holding and three others 
in Surrey where similarly affected plants were seen. Experiments (described 
below) with these plants confirmed that they were affected with big vein. In 


October 1957, the disease-was found on seven farms in Lancashire, near Formby 
and Ormskirk. ’ 


SYMPTOMS 


The chief symptom is a pale yellowish or blanched vein-banding of the leaves 
which is usually most apparent near the base of the outer leaves (Plate IV, 1). 
It is often accompanied by a disortion and a “savoying” or “bubbling” of the 
affected leaves (Plate IV, 2). There is often no reduction in size or hearting of 
affected plants and frequently the symptoms do not develop until the plant is 
fully grown. On cos lettuce especially, these late symptoms give the plant an 
unsightly appearance and considerably reduce its market value. Sometimes the 
symptoms appear early in the growth of the plant which is then greatly stunted. 


There is some resemblance between the symptoms of big vein and those of 
mosaic disease with which it has apparently been confused in the past. Whereas 
mosaic causes vein clearing and some diffuse mottling of the leaves, big vein 
causes a broad vein banding with no mottling or generalized yellowing. Plants 
have been seen, however, which appeared to be infected with both diseases. 


OCCURRENCE 


As noted above, the disease has now been found on eleven farms. It is 
suspected to occur on many more. Distribution in affected fields has been very 
patchy, with the incidence varying between 1 and 75 per cent. The worst out- 
breaks were seen on ground that had been frequently cropped with lettuce and 
on such sites there was a history of increasing severity of the disease over the 
past five years. There was some evidence that the disease had been carried on 
boots and implements, and that it had been introduced to uncontaminated 
ground on plants grown in contaminated soil. There was also evidence that the 
disease was unlikely to be seed transmitted since plants from the same seed 
were healthy when transferred to one site and severely affected when transferred 
to another. So far the disease has been found on 10 varieties—Lobjoit’s green cos, 
Premier, A.1., Trocadero improved, Syston’s Glory, Feltham King, Feltham 
Greenheart, Borough Wonder, Webb’s Wonderful and Great Lakes. 
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Studies on big vein in the U.S.A. have shown that it is soil borne and can be 
transmitted by adding infective sap or contaminated soil to soil in which lettuce 
plants are growing (Thompson ef al., 1944; Allen, 1948). Experiments were 
made, therefore, to test whether the disease found in Britain could be transmitted 
in these and other ways. The variety Lobjoit’s green cos was used and the plants 
were grown in John Innes compost in a greenhouse. 


Sap transmission. Sap was obtained from the roots of plants with big vein 
(and also from symptomless plants) taken from three nurseries. 


The complete root system was cut off at soil level, washed thoroughly and 
ground in a mortar. The expressed root sap was then filtered through muslin. 
The root system of each plant yielded about 3-4 ml of sap. Inoculations were 
made by pipetting 1 ml of sap around the collar region of 3-4 week old lettuce 
seedlings. Similar inoculations were also made using leaf sap from diseased 
plants. Attempts were also made to transmit the disease by rubbing leaf sap 
on to the leaves of healthy seedlings which had previously been dusted with 
“Celite”. The results of the tests are summarized in Table 1. 


TABLE 1 


Big Vein Transmission Tests with Sap 





No. of Plants Showing 
Data on Sap Used Big Vein after: 





Inoculation | No. of 
Method Plants 





Locality Plant Status 


60 | 
| days 





Esher a si Affected To soil 10 
Symptomless Tesoul...| . 5 


Godalming .. | _ Affected Tosoil | 10 
Symptomless To soil 5 


Walton-on-Thames Affected To soil 10 
Symptomless To soil 5 


Godalming se Affected Leaf To soil 10 
Leaf To leaf 10 


Wellesbourne in Healthy Leaf To leaf 5 
Controls .. met — Nil = 10 


o o.oo oo @oSOo Ow 
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The disease was transmitted with root sap from diseased plants but not with 
leaf sap. Since one of five plants developed big vein when inoculated with root 
sap from symptomless plants from Godalming it is possible that the latter were 
infected with big vein. The long period of time between inoculation and the 
appearance of symptoms in the above experiment is a characteristic feature of 
the disease (Pryor, 1944, 1946). 


Soil transmission. Soil was collected from beneath infected plants on the three 
farms indicated above. Soil was also obtained from beneath symptomless plants 
on one of the farms. The soil was placed in 5-inch pots and one lettuce seedling 
was planted in each pot. The disease first appeared after 65 days and the number 
of plants which had become diseased 114 days after planting in the various 
soils is shown in Table 2. 





Big Vein Disease of Lettuce 


TABLE 2 


Transmission of Big Vein to Lettuce Plants Grown in Contaminated Soil 





Soil Site 


Soil Taken from 
Beneath: 


No. of Plants 
Tested 


No. of Plants 
Infected 





Esher 


Godalming 
Walton-on-Thames 


Wellesbourne 


Big vein plants .. 
Symptomless plants 


Big vein plants .. 
Big vein plants . 
(Sterilized compost) 


10 














These results show that the disease was transmitted in soil taken from beneath 
affected plants on each of the three farms. The disease was also contracted in 
soil taken from beneath symptomless plants at the Esher farm. 


DISCUSSION 


The symptoms and case histories of this disease, and the results of the trans- 
mission experiments, indicate that it is big vein. Although the cause of big vein 
is at present obscure, the suggestion has been made by Fry (1952) that it may 
be associated with one of the tobacco necrosis viruses. Yarwood (1954) also 
isolated tobacco necrosis virus from the roots of lettuce affected with big vein 
but neither he nor Fry established a relation between the virus and the disease. 


Our experiences have been similar. Numerous isolates of tobacco necrosis 
have been obtained from lettuce plants showing big vein symptoms and also 
from unaffected plants on the same site. Isolates that appear similar to these 
have been obtained, however, from lettuce plants on apparently unaffected 
farms. Attempts to infect lettuces with big vein by adding tobacco sap containing 
the lettuce isolates of tobacco necrosis to the soil have been unsuccessful, 


although tests made concurrently with root sap from big vein infected plants 
induced the disease. 


Cucumber mosaic virus has also been isolated from the roots of plants 
showing big vein and from the roots of symptomless plants taken from two 
big vein affected farms. Inoculation tests, similar to those made with tobacco 
necrosis, also failed to demonstrate a relation between these isolates and the 


disease. Further studies on the cause and mode of transmission of the disease 
are in progress. 


In the meantime there is, unfortunately, no means of control of the disease 
in the field. On land where the disease incidence is very high it may be necessary 
to avoid growing lettuce. Where the disease occurs in one part of the farm only, 
all practicable precautions should be taken to prevent the transfer of soil or 
plants from the affected to the unaffected area. Compost for raising seedlings, 
either in boxes or in frames, should also be made from clean soil. 


Thanks are due to those growers and to officers of the N.A.A.S. who have collaborated in 
this investigation, and also to Miss J. Kullman for the photographs. 
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HESSIAN FLY ON ROTHAMSTED FARM 


by BARBARA M. STOKES 
Rothamsted Experimental Station, Harpenden, Herts 


THE hessian fly, Mayetiola destructor Say, has been known to occur on Roth- 
amsted Experimental Station farm for many years. In a study of its biology 
(Stokes, 1957), it was decided to estimate the numbers of puparia from samples 
of wheat on two fields, Broadbalk and Hoosfield, during the summer, in an 
attempt to find the level of infestation by the fly over a three-year period, to see 
the effect of different manurial treatments of the crop on infestation, and 
whether the puparia were consistently found more frequently on headed straws 
or non-headed tillers. 


Four plots on Broadbalk were sampled. The field, which is divided into 
}-acre plots each manured differently, has been under continuous wheat since 
1843. Each plot is divided into five sections of which one is fallow each year. 
The plots used for sampling were plot 2B, dressed with 14 tons per acre of dung; 
plot 3, unmanured since 1839; plot 5, which receives 34 cwt super-phosphate, 
2 cwt sulphate of potash, 1 cwt sulphate of soda and 1 cwt sulphate of magnesia 
per acre each year, and plot 8 which receives the same fertilizers as plot 5 with 
the addition of 6 cwt sulphate of ammonia per acre. 


Wheat and alternate fallow plots on Hoosfield were also sampled. This 
field is divided into two }-acre strips, each strip having four sections. When a 
strip is cropped, only three out of the four sections are sown with wheat, so 
that one section still remains fallow in the year when the remainder of its strip 
is under wheat and so is left fallow for three years. In 1954 this section was 
A mm, in 1955 B 1 and in 1956 A Iv. 


Ten foot-row samples per section of each plot on both fields were taken, 
using the method described by Glynne (1951). By the kind co-operation of 
Dr. M. D. Glynne, it was possible to use the same samples for the puparia 
counting as she used for her studies of wheat diseases. Every straw and tiller 
was examined for puparia by stripping back each leaf to its node and the 
numbers and position of puparia per stem were recorded. The samples were 
taken in July and August each year, and the wheat variety throughout was 
Squareheads Master. Results are shown in the table. 
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Infestation of Four Plots on Broadbalk and Three on Hoosfield by Hessian Fly 





Straws Tillers Straws and Tillers 
Treatment 





Total No. | Percentage} Total No. | Percentage| Total No. | Percentage 
Examined | Infested | Examined | Infested | Examined | Infested 





Broadbalk 
Dung.. = 1590 
Unmanured .. 1168 
P.K.Na.Mg .. 1133 
N.P.K.Na.Mg 1485 


Dung.. ch 1669 
Unmanured .. 1153 
P.K.Na.Mg .. 1181 
N.P.K.Na.Mg 1819 


2317 
1960 
2126 
2453 


746 
189 
182 

62 


234 
103 
106 
149 


284 
225 
204 


2336 
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mNWN NAPWN 


Al after one 
year fallow 
Au after one 


B1 after three 
years fallow 

Bim after one 
year fallow 

Biv after one 
year fallow 


Au after one 
year fallow 
Aw after one 
year fallow 
A after three 

years fallow 


























These figures, ranging from 5-8 to 1-3 per cent for the straws, and 42-3 to 
0-0 per cent for the tillers, give some indication of the level of fly infestation 
for the midsummer generation in these fields where wheat is always grown. A 
statistical analysis which is deposited in the Entomology Department of 
Rothamsted Experimental Station, showed no significant differences between 
the years, or between the various plots or between straws and tillers. The wheat on 
Hoosfield, particularly the tillers, was slightly more infested than that on 
Broadbalk. 


Any attempt to estimate possible damage to the crop should be very tentative. 
Stems broken over at the site of the puparium were almost never found, and 
more than one puparium per stem was a very infrequent occurrence. This 
presents a different picture of infestation from that of fly-infested crops in 
parts of the U.S.A. where large numbers of puparia occur on the plants. The 
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effect on the crop of the fly at different rates of infestation has been summarized 
and discussed by Barnes (1956). 


I am indebted to Dr. H. F. Barnes, who suggested this work, for help and encouragement. 
Grateful thanks are also due to Mr. D. B. Slope, Miss Anne Gray and other workers who gave 
valuable assistance with the samples; and to Mr. J. H. A. Dunwoody for the statistical analysis. 
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RESISTANCE-BREAKING POPULATIONS OF 
POTATO ROOT EELWORM 


by F. G. W. Jones 
Rothamsted Experimental Station, Harpenden, Herts 


IN 1956, twenty populations of potato root eelworm, Heterodera rostochiensis 
Woll., were tested to determine their behaviour towards resistant potatoes bred 
from Solanum tuberosum ssp. andigena Juz. & Buk. (Jones, 1957). Fourteen out 
of the twenty populations contained forms capable of breaking the resistance of 
an F, (first filial generation) hybrid, Z3/7, in excess of 1 per cent and there was 
a suggestion that B, (first back cross hybrids) were less resistant than F, hybrids. 


Using the same technique (34-inch diameter flower pots containing a 4:1 
mixture of sterilized loam and sand inoculated with sufficient cysts to give 
7,500 eggs per pot), a further 25 populations were tested in 1957 on a greater 
range of resistant material including F, and B, hybrids and S. vernei Bitt. & 
Wittm. Results are summarized in the Table, the code numbers 1673, 1685 and 
coe referring to the original S. andigena lines in the Commonwealth Potato 
Collection. 


Seventeen populations were aggressive and eight non- or only slightly- 
aggressive, a result similar to that of 1956. The B, hybrid yielded more cysts 
than the F, hybrids and, for reasons unknown, must be regarded as more 
susceptible. S. vernei, however, was resistant to all 25 populations and to 
12 others from the previous year. Aggressive populations came from fields, 
glasshouses, gardens and allotments. Non-aggressive populations came mostly, 
but not entirely from fields. 


Cyst yields in Batch I were similar to those from Batch I in 1956, being of 
the order of 1,500 per pot. Assuming a 50:50 sex ratio, the cyst efficiency 
(Hesling, 1957) is given by: 


new cysts formed x 100 _ 1,500 x 100 
half the initial egg population 3,750 





= 40 per cent. 





Resistance-breaking Populations of Potato Root Eelworm 25 


This indicates a high rate of larval invasion of rootlets, probably well over 
50 per cent. Ellenby (1957), without providing factual evidence, comments on 
the failure of larvae to penetrate roots, but it seems probable that most are 
able to do so given the right conditions. 


Tests of Field, Garden, Allotment and Glasshouse Populations of Potato Root 
Eelworm on Resistant F, and B, Crosses of 8. tuberosum and S. andigena. 





Resistant Tuber Lines 
Centres 


Arran | Z3/7_ | Y21/12 | ¥56/103 Y 
Banner | F,/1685 | F,/1673 | B,/1690 B,/1673 B,/1673 





New Cysts per Pot 

Batch I 
Retford, Notts F* cs re 1676 
Farewell, Staffs F 17 
Burntwood, Staffs F ; i 5 
Langstone, Monmouth G Rt 1713 
Treochy, Glam A 4s << 685 
Bishopstone, GlamF .. rm 104 
Gosberton, Lincs F .. oa 1921 
Wyberton, Lincs F Mes 884 
Kirton, Lincs F hr iS 1405 
Manley, Durham F_... Gi 779 
Cawood, Yorks G a #4 
Stockbridge, Yorks G .. 
Devizes, Wilts A 
Mepal, Cambs F 
Thorney, Cambs F 
Barnet, Herts A.. 
Ashurst, Hants G 
Rainford, Lancs F y 
Chulmleigh, Devon A . 
Sandy, Beds F 


Means 
12 aggresive populations . . 
8 non-aggressive populations 














Batch II 
St. Brelades, Channel Islands F 402 
St. Peter, Channel Islands F .. 791 
St. Mary, Channel Islands F .. 418 
Harlech, Merioneth G ke 98 
Aberystwyth, Cards G of 442 


Means es nee a3 430 





























*F = field, G = glasshouse, A = garden or allotment. 
F, = Solanum tuberosum X S. tuberosum ssp. andigena. 
Centres at which populations were non-aggressive are printed in italics. 
Thanks are due to members of the National Agricultural Advisory Service for sending soil 


samples, to Fay E. Firbank for technical assistance and to H. W. Howard and J. M. Dunnett 
for supplying resistant tubers. 
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TOMATO LEAF MOULD: SPRAYING TRIALS IN 
LANCASHIRE AND YORKSHIRE, 1953-56 


by DaviID WIGGELL 
National Agricultural Advisory Service, Leeds 


IN previous work on the control of tomato leaf mould, Cladosporium fulvum 
Cooke, on nurseries in Yorkshire and Lancashire, Beaumont (Plant Pathology, 
1954, 3, 21-5) found that although most fungicides would control slight attacks 
of the disease, only nabam and zinc sulphate gave satisfactory control when the 
incidence was severe. Over the years 1953-56 further trials were carried out to 
test some of the newer fungicides, notably manam and captan; to ascertain the 
minimum number of applications of nabam and zinc sulphate required, and, 
in one trial in 1956, to compare high and low volume applications of this 
treatment. 


Assessments of the progress of the disease on the foliage in the sprayed and 
unsprayed plots were made by the Disease Assessment Key for tomato leaf 
mould given in the previous paper. A randomized block layout was used in all 
the trials, except where otherwise stated, with four replications of the several 
treatments and unsprayed controls. The plots generally consisted of 30 plants, 
and these received 2 gallons of spray fluid per application in all the high volume 
spraying; the amounts of materials used per 100 gallons being as follows: 


Nabam and zinc sulphate .- 94 fluid ounces of a liquid preparation containing 19 
per cent disodium ethylene—1 :2-bisdithiocarbamate 
with the addition of 19 ounces of zinc sulphate 
(22-7 per cent Zn). 


Nabam and manganese sulphate As above, but with the zinc sulphate replaced by 
20 ounces of manganese sulphate. 


Zineb suspension (a) .. .. 24 ounces of a preparation containing 65 per cent of 
zinc ethylene—1:2-bisdithiocarbamate in the form 
of a dispersible powder. 


Zineb suspension (5) .. .. 32 ounces ofa wettable powder preparation containing 
65 per cent of zinc ethylene—1: 2-bisdithiocar- 
bamate, 


Thiram .. om we .. 25 ounces of a wettable powder containing 80 per cent 
tetramethylthiuram disulphide. 


Manam .. ne we .. 100 fluid ounces of a colloidal suspension containing 
42-5 per cent manganese dimethyl dithiocarbamate. 


Colloidal copper and wetter .. 40 fluid ounces of a colloidal copper compound with 
4 ounces of a synthetic wetter. 


Salicylanilide .. ape .. 50 fluid ounces of a liquid preparation containing 
salicylanilide and a wetting agent. 


In 1953 there was a trial at one centre only, in Lancashire. Nabam and zinc 
sulphate sprayed 7 times at fortnightly intervals from May 27, was compared 
with the same material sprayed 6 times from June 10, and once only on August 19. 
Manam sprayed 5 times from June 10 was also included. The attack of leaf 
mould was slight, and as Table 1 shows, it was very well controlled by 6 or 7 
applications of nabam and zinc sulphate. The single application gave no control. 
The 5 apenys with manam gave some control but left an unsightly brown deposit 
on the fruit. 
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Spraying Against Tomato Leaf Mould 
, TABLE 1 


Results of Replicated Plot Trials, 1953 
(Tarleton, Lancs. Variety : Melville Castle) 





Mean Percentage Leaf Mould 
No. of 
Sprays 





July 8 | July 22 | Aug. 4 | Aug. 19 Sept. 2 | Sept. 16 





Nabam and zinc sulphate 0-00 0-02 0-00 0-02 0-00 0-02 
0-02 0-02 0-00 0-02 0-02 0-00 
0-25 0-05 0-05 0-05 0-80 1-75 
Manam .. = a 0-02 0-00 0-05 0-02 0-30 0-75 


Unsprayed control .. 0-07 0-05 0-12 0-35 1-02 1-50 


























In 1954, nabam with manganese sulphate, and a commercially available zineb 
suspension (a) were incorporated in two trials, one in Lancashire and the other 
in Yorkshire. At the Lancashire centre the degree of infection was low through- 
out the season, reaching only 0-5 per cent on the unsprayed plots, so that no 
real comparison of the treatments was possible. At the Yorkshire centre (Table 
2), six applications of nabam and zinc sulphate gave a very good control of the 
moderately severe attack. Fairly satisfactory control was also obtained with 
nabam and manganese sulphate, and with the zineb suspension, applied at the 
same times, but the manam caused severe scorching of the foliage and the 
zineb left unsightly white deposits on the foliage and fruit. 


TABLE 2 


Results of Replicated Plot Trials, 1954 


(Cawood, Yorks. Variety: Ailsa Craig. Sprayed on June 29, July 12 and 26, August 9 and 23, 
and September 6) 





Mean Percentage Leaf Mould 





Aug. 9 | Aug. 23 | Sept. 6 | Sept. 20 Oct. 5 





Nabam and zinc sulphate .. nae aie 0-05 0-05 0-05 0-05 0-65 
Nabam and manganese atiate Nee wd 0-07 0-07 1-30 1-30 3-90 
Zineb on ry Tn (a) a bie 0-10 0-10 3-50 5-00 7-50 
Manam = is wf o | 80 0-50 4-90 7-20 | 11-20 


Unsprayed control .. Be me! ie 3-80 3-80 | 15-00 | 47-50 | 52-50 




















In 1955, captan, and a colloidal-copper with wetter, were included in a trial 
at one centre in Lancashire. Here, under conditions of moderately severe 
attack (Table 3), all the materials gave some control, but nabam and zinc 
sulphate was once again outstanding. Captan left a heavy white deposit on 
leaves and fruit. 


In 1956, there were trials at two centres, one in Lancashire and one in York- 
shire. At the latter centre low volume spraying equipment was available and 
advantage was taken of this to include a low volume treatment with nabam and 
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zinc sulphate. For this, the amounts of material used for 100 gallons of the 
nabam and zinc sulphate high volume spray fluid were put up in 2 gallons, and 
about 23 fluid ounces of this strong solution was applied per plot of 30 plants, 
at a pressure of 70 lb. per square inch using a paint spray gun with petrol- 


driven air compressor. Thiram and salicylanilide treatments were included in 
both trials (Table 4). 


TABLE 3 
Results of Replicated Plot Trials, 1955 
(Leyland, Lancs. Variety: Moneymaker. Sprayed on May 12 and 25, June 8 and 22 and July 26) 





Mean Percentage Leaf Mould 





May 25 | June 8 | June 22| July 6 | July 20 | Aug. 3 | Aug. 15 





+1 aaa ed 0-1 : 0-1 0-1 0-1 0-1 
Manam . 0-1 ° 1-6 y Ape | 3-7 6:0 
Captan 0-1 , 2:9 3°5 4-7 7-0 
Colloidal copper and 

wetter 0-1 . 1-0 3-2 8-5 13-2 


Unsprayed control .. 1-0 ° 6°5 8-5 21:2 31-2 


























TABLE 4 
Results of Replicated Plot Trials, 1956 
(Leyland, Lancs. Variety: Moneymaker. Sprayed on May 9 and 23, June 6 and 20) 





Mean Percentage Leaf Mould 





May 9 | May 23 | June 6 | June 28| July 4 





Nabam and zinc anaes sh % ais . 3-0 | 6°5 6°8 
Thiram ieee 5-0 0 | 26-0 | 57-0 
Salicylanilide . ne 30-0 54-0 
Zineb suspension (b).. | 27°5 51-2 


Unsprayedcontrol .. .. .. .. : ; | 26: 52:5 | 86-2 











(Cawood, Yorkshire. Variety: Dutch Victory. Sprayed on July 9 and 20, August 3 and 17, 
and September 4) 





Mean Percentage Leaf Mould 





July 20 | Aug. 3 | Aug. 17 | Sept. 4 | Sept. 19 





Nabam and zinc oat 
Low volume 
High volume 
Salicylanilide .. 


Unsprayed coritrol 




















The exceptionally severe attack at the Lancashire centre in 1956 was efficiently 
controlled only by nabam and zinc sulphate; the other three treatments gave 
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only slight control of the disease. Thiram and the zineb suspension left heavy 
white deposits on the foliage. At the Yorkshire centre the high and low volume 
nabam and zinc sulphate treatments gave about equally good control of the 
relatively slight attack, and were much more effective than thiram and 
salicylanilide. At the Yorkshire centre a pilot trial of dinitrocaprylphenyl 
crotonate was made on a single plot, using 6 ounces per 100 gallons of a 22-5 
per cent wettable preparation. This caused severe scorching of the foliage and 
did not control the disease. 


CONCLUSIONS r 


In this series of trials the captan, zineb, thiram and manam treatments all 
gave some degree of control of tomato leaf mould where the attack was not 
severe, but they were not found suitable for spraying on tomato plants as they 
all leave a deposit on the fruit, necessitating wiping before marketing. 


The salicylanilide and colloidal copper with wetter proved safe, general 
sprays, but they both gave poor control under the conditions of a severe attack. 


Nabam and zinc sulphate at high volume gave consistently good results 
against severe attacks and was found to cause no damage except when sprayed 
during bright sunlight, when some scorching of the foliage occurred. It must be 
noted that in these trials the zinc sulphate used contained only 22-7 per cent of 
Zn as against 36 per cent in the American recommendation. This does not appear 
to have adversely affected the fungicidal efficacy of the mixture, and may 
indeed have increased it. Where manganese sulphate was substituted for the 


zinc sulphate, the control of the disease was still of a high order, but the foliage 
was severely scorched. In the single trial of low volume spraying with nabam 
and zinc sulphate, the results were of the same order as with high volume 
spraying, but the attack of leaf mould in this trial was relatively slight, and further 
work is required to test the efficacy of low volume spraying under more severe 
conditions. 


Thanks are due to Mr. A. Beaumont for his guidance in this work; to Mr. J. H. Bant for his 
help with the spraying; to the Lancashire growers who provided facilities in their nurseries; 
to Mr. J. Haywood of the Lancashire Horticultural Staff; and to Mr. F. G. Smith, Director of 
the Stockbridge House Experimental Station, for the use of his glasshouses and provision of 
the low-volume spraying equipment. 


IX INTERNATIONAL BOTANICAL CONGRESS 


THE Ninth International Botanical Congress will be held in Montreal, Canada, from August 19 

to 29, 1959, at McGill University and the University of Montreal. Those desiring to be put on 

the Congress mailing list to receive particulars, application forms, etc., should write to the 

coconipes Seanad of the Congress; Dr. C. Frankton, Science Service Building, Ottawa, 
tario, Canada. 





EXPERIMENTAL CONTROL 
OF STRAWBERRY MILDEW IN CHEDDAR 


by B. B. TILL 
National Agricultural Advisory Service, Bristol 


THE principle diseases of the strawberries in the Cheddar area of Somerset 
are powdery mildew, Sphaerotheca humuli (DC.) Burr, and grey mould, 
Botrytis cinerea Fr. The former disease has assumed such severity on Royal 
Sovereign as to threaten the continued production of this variety on some 
of the holdings. Grey mould may, in wet seasons, result in losses of over 
half of the fruit. In 1956, experimental plots were laid down in a two-year-old 
bed of Royal Sovereign at a Cheddar holding to test various promising spray 
and dust treatments against both diseases. These treatments were: 


. Griseofulvin (50 per cent wettable powder formulation) 0-5 per cent. 

. Griseofulvin as in treatment A, plus 1 per cent by volume of glycerol. 

. Griseofulvin 5 per cent dust (Klarcil kieselguhr carrier). 

. Dinitrocaprylphenyl crotonate: 1 Ib of a 25 per cent wettable powder formulation 
per 100 gallons. 

. Captan at 0-15 per cent: 3 Ib of 50 per cent wettable powder per 100 gallons. 

. Unsprayed. 


To each of the spray fluids was added a wetting agent (containing 60 per cent 
of sodium dioctyl sulphosuccinate) at the rate of 4 fluid ounces per 100 gallons. 
The spray treatments were applied with a power sprayer, using a single-nozzle 
spray lance, at the rate of 600 gallons per acre. The dusting was done with a 
power duster at the rate of 60 Ib per acre. 


There were three replications of each treatment in a randomized block of 
18 plots. Each plot was four yards long and four rows wide, separated from 
adjacent plots by one yard of unsprayed rows at its ends, and by one unsprayed 
row on each side. The treatments were applied three times: on May 1, when the 
first flowers were opening; on May 16, at full flower; and on May 31, at full 
petal-fall, when the fruits were swelling. 


Slight mildew infection was observed on all the plots on May 31. On June 12 
the disease had become severe on the untreated and dusted areas, the foliage 
in these plots being easily distinguished by its curled leaves and red discoloration. 
Assessments of mildew infection on the leaves were made on May 31 and June 12, 
on a simple presence or absence basis, 100 leaves being chosen at random in 
each plot, and recorded as “infected” or “‘not infected”. 


In addition, records were made on June 12 of the number of mildew spots 
per leaf and of their size, in a random sample of 25 leaves per plot. From these 
figures an “infection index” was calculated for each plot, by multiplying the 
percentage of infected leaves by the average number of spots per leaf, and by 
the square of the average radius of the spots in centimetres. The differences in 
the intensity of mildew between treatments were thus shown up more accurately 
than by the presence or absence method. 


Assessments of mildew on the fruit were made on June 13, just before the 
first pick. Every berry on four plants, chosen at random, per plot, was examined 
and classed as “infected” or “not infected”. Very little Botrytis developed on 
the fruit in this trial, so that results were obtained on the control of mildew 


30 





Control of Strawberry Mildew 31 


only. The mean mildew assessments for the three plots with each treatment 
were as shown in the table. 


Effect of Treatments on Incidence of Mildew on Leaves and Fruit 





Mean Percentage* — Percentage* of 


of Leaves Infected (Leaves) Fruits Mildewed 





June 12 June 12 June 13 





. Griseofulvin .. mie <4 . 50-6 
. Griseofulvin .. = ad , 56-3 
. Griseofulvin dust .. K . 81-5 
. Dinitrocaprylphenyl crotonate , 42-4 





. Captan : =" , 65-6 
. Untreated .. = +s : | 76°8 
Significant difference 
(P = 0-05) bs ah : 9-7 














* After angular transformation for statistical analysis. 


The incidence of mildew both on leaves and fruit was significantly less than 
on the controls with both the dinitrocaprylphenyl crotonate and the griseofulvin 
spray treatments. It was also significantly less with the captan treatment. As 
captan is not known to control powdery mildews, the effect here may have been 
due to the wetting agent or to the physical washing of spores from the leaves. 


Even allowing for a similar effect in the griseofulvin spray treatments to 
which wetter was also added, there is evidence that griseofulvin effected some 
(though scarcely an economic) measure of mildew control. In similar trials at 
Luddington by Ingram, Schofield and Taylor in 1956 (Plant Pathology, 1957, 6, 
63-4), griseofulvin appeared to have no effect. The positive result in Cheddar 
may have been due to the higher concentration and rate of application, and/or 
to the inclusion of a wetter. 


The dinitrocaprylphenyl crotonate treatment gave good control of mildew, 
and this was obtained with only three applications during the blossom period 
as against five in the trial at Luddington. Further work is needed to ascertain 
the most economic rate and number of applications, and also to find whether 
the addition of captan will give an efficient composite sptay for both mildew and 
grey mould. 


I wish to thank Mr. J. E. Forshaw, Mr. J. S. Knapman, Mr. L. Ogilvie, Mr. E. N. Powell 
and Mr. L. E. W. Stone for their help with this work. 





EFFECT OF HEIGHT ON CATCHES OF APHIDS IN 
WATER AND STICKY TRAPS 


by G. D. HEATHCOTE 
Rothamsted Experimental Station, Harpenden, Herts 


APHIDS occur in the air at great heights. Glick (1939) caught Myzus persicae 
(Sulz.) at 3,000 feet, and at least two other species at 5,000 feet, but there is a 
gradient in which the number of these insects per volume of air decreases 
rapidly with height (Johnson and Penman, 1951). Most of the aphids re- 
sponsible for spreading viruses between crops, especially viruses of the non- 
persistent type, will be those that fly, or are blown by the wind, near to the 
ground. Water and sticky traps are used to catch such aphids, but the optimum 
height for their operation is in doubt. Miiller and Unger (1952) caught fewer 
aphids during July and August as a water trap was raised from ground level to 
172 cm. Similarly Davis, Landis and Gibson (1954) caught fewer aphids in 
water traps as trap height increased from ground level to610cm. Profft (1939), 
however, trapping from mid-August until early October, caught more aphids as 
the height of a sticky trap was raised from 1 to275cm. Moericke (1955) caught 
most aphids in a water trap at 80 cm, nearly as many between 80 and 180 cm, 
and fewer at ground level during October. Broadbent (1948), using sticky 
traps throughout the summer at 36 cm, 112 cm, and 185 cm, caught most aphids 
on the highest traps, and found greatest variation between traps near the ground, 
and least between those highest from the ground. Other workers, including 
Nowak (1951) and Shands, Simpson and Dudley (1956), have used sticky traps 
to study the movement of aphids at low elevations, but they relied entirely on 
impaction by the wind, rather than on colour attraction, and did not trap at 
ground level. 


The proportion of the total catch represented by individual species may differ 
at different levels. Dickson, Johnson, Flock and Laird (1956) even found that 
two species of the same genus might be trapped differentially at different heights. 
They used sticky boards in a citrus grove, at 30 cm, 150 cm and 360 cm, and 
caught similar numbers of Aphis spiraecola Patch at different heights, whereas 
they caught most A. gossypii Glover near the ground. 


EXPERIMENTAL METHODS 


During 1953, yellow water traps (Moericke, 1951!) with a surface area of about 
1,200 sq. cm, and yellow cylindrical traps (Broadbent, Doncaster, Hull and 
Watson, 1948) with a functional surface of about 1,000 sq. cm, were operated 
over bare ground, at heights of 152cm, 76cm or at ground level, between 
May 29 and September 22 (a total of 32 trapping periods). 


Another experiment was done within a crop of potatoes, comparing the 
number of aphids caught in two water traps, one level with the top of the plants, 
the other level with the top of the ridge, and a sticky cylinder trap 152 cm from 
the ground. Catches were compared during 10 trapping periods, as the plants 
grew from a height of about 15 cm to full size, that is, June 17 to July 22, 1954. 
The upper water trap was raised on wooden blocks as the plants grew. The 
ground-level water trap and the sticky trap were also operated from May 31, to 
compare their relative “ sensitivities °’ when there were few aphids in the air. 
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This part of the experiment was repeated between May 5 and July 23, 1956, but 
the water trap was supported some 10 cm higher than before to reduce the 
amount of soil blown into it. 

RESULTS 

The total numbers of aphids caught in the traps decreased with the increase 

in trap height, but whereas the decrease was significant with the water trap, it 
was not so for the sticky traps (Table 1). 

TABLE 1 

Aphids Caught by Water or Sticky Traps at Different Heights* 





Ground Level 76 cm ? 152 cm 





Water Sticky Water Sticky Water Sticky 





Total catch aid ve 1802 1027 977 761 a 675 


Mean catch per trapping 
period (logn +1). .. | 1-45 1-18 1-26 . . 1-19 























Standard error of mean catch: water traps +0-022, sticky traps +0-025. 
* For the numbers of some aphid species trapped see Heathcote (1957). 


Wind speeds were recorded at a height of 2 metres ; most aphids were caught 
when the mean wind speed during the trapping period was between 3 and 4 miles 
per hour, and few were caught at speeds above 5 miles per hour. (There was 
only one period with a speed of less than 2 miles per hour.) Table 2 shows that 
the ratio of the mean numbers of aphids caught in the two kinds of trap was not 
strongly affected by changes in the mean wind speed. 


TABLE 2 


Mean Numbers of Aphids Trapped, per Trapping Period, on Water and 
Sticky Traps at some Mean Wind Speeds 





Ground Level 76 cm 152 cm 
Mean Wind 





. peed 
(miles per hour) | Water Ratio 



































In the second experiment, the water trap which was level with the tops of the 
plants m a potato field consistently caught more aphids than the one at ground 
level, but the ratio between the numbers caught by the two traps did not depend 
on the difference between their heights (Table 3). The ratios between the two 
catches could not be correlated with the mean wind speed at 2 metres during 
the trapping period (Table 3). 

During 1954, before the plants reached 15 cm in height, the cylindrical trap 
at 152 cm caught 998 aphids, and the ground-level water trap 422. Few 
M. persicae and Aphis fabae Scop. were caught, but both traps caught these 
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species for the first time during the same period (ending June 8). During the 
next month the cylindrical trap continued to catch more aphids than the lower 
water trap, but fewer than the upper (Table 3). 


The two traps caught the following numbers of aphids in 1956 : 


Water Trap Sticky Trap 
at at 
Crop Level 152 cm 
Total.aphids .. #% sia 1211 686 
M. persicae .. in a 32 6 
B. brassicae .. a ac 4 1 
A. fabae ou eau an 5 2 


The cylindrical trap caught M. persicae for the first time in the period ending 
July 6, the water trap not until the following period. The water trap caught 
Brevicoryne brassicae (L.) and A. fabae earlier (June 18 and July 6 respectively) 
than the sticky trap (July 10). 


TABLE 3 
Numbers of Aphids Caught by Traps in a Potato Crop during 1954 





























Water Traps | 
. Mean 
Trapping Period | ] —— Wind Speed 
Ground | Crop Ratio P (at 2 metres) 
Level Level | 
(i) | (ii) | Gi:i) 
7-6-21-6 233 485 | 21 556 3-0 
—23-6 .. 2 16 395 i iegey 88 3-8 
28-6... a2 51 202 | 4:0 88 5-7 
ees Eras 85 ee ae 126 3-0 
—5-7 .. ‘ 37 111 ae 58 | 4:0 
—SF .. ms 23 85 Git 5. 93 | 3:3 
oaee .. "i 90 242 | 29 111 | 2-7 
a ae a 68 167 re 270 | 5:1 
—19-:7 ... x - traps flooded | (149) | 6-1 
=—2:7 .. a 103 391 | 3-8 740 3°6 
Tots]... 166 2713 PARA + May 
CONCLUSIONS 


As a few active winged aphids may be responsible for spreading virus diseases, 
especialiy during the spring migration, it is important to site traps in the optimum 
position to catch them, particularly as the timing of insecticide spraying pro- 
grammes may depend upon the first few that fly. 


Over bare ground, water traps should be as low as possible, because wind 
speeds are generally lowest there and aphids can most readily fly to them. 
Aphids are more often impacted by the wind on sticky cylindrical traps and the 
height at which they operate is therefore less critical (Heathcote, 1957). 


The conditions within a crop can differ greatly from those over open ground, 
and the weather in a crop may favour aphid flight when the weather outside does 
not (Broadbent, 1949). For example, wind speeds were shown seldom to 
exceed 4 mile per hour in the potato crop when at 2 metres it was 3 miles per 
hour. Temperature and humidity are different in open crops from those thick 
enough to shade the ground completely. The differences between the catches 
of the water trap within the crop and that level with the top of it could not be 
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correlated with the mean wind speed at 2 metres, nor could they be correlated 
with differences in shade brought about by increased plant growth. The upper 
trap always caught more aphids, suggesting that they crawled to the upper parts 
of the potato plant and waited there until conditions for flight became suitable, 
as aphids are thought to do in a broccoli crop (Broadbent, 1954). 


During these experiments the early migrants of the main vector species were 
few, but the water trap which was level with the top of the plants and the sticky 
trap at 152 cm appeared to be equally effective in showing their presence. 
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THE WEATHER OF ENGLAND AND WALES* 
SPRING AND SUMMER 1957 


THE mild weather of the winter persisted in March. Continual south-westerly 
airstreams brought high mean temperatures, cloudy skies and near-normal 
rainfall. Unusually high day temperatures were attained in the north, including 
74° F in the upper Tyne Valley and 69° F at Cape Wrath. Then followed an 
exceptionally dry April; the rainfall over England and Wales as a whole was 
less than 20 per cent of average; many stations established all-time records for 
low totals. Night frosts were fairly frequent and mean temperatures were only 
just above average, the extreme earliness of March not being maintained. 
May too, tended to be dry, but to nothing like the same extent as April. 
Sunshine was above average, but mean temperatures were generally low; there 
were severe frosts on the 6th and 7th. 


The first summer month, June, was unusually sunny and warm; a temperature 
of 96° F was reached in London (Camden Square) on the 29th. Thunderstorms 
occurred on about half the days of the month, and the resultant rainfall was 
very spasmodic. The heaviest rain ever recorded in Cornwall fell at Camelford 
on the 8th. At many places it was the sunniest June since records began. This 
summer weather continued for the first week in July and then came cooler, 
rainy weather which continued with few interruptions for the last seven or eight 
weeks in this period. Mean temperatures managed to keep slightly above 
average in the south but were near normal elsewhere. Rainfall totals were high 
and sunshine low. Similar conditions prevailed in August which was a cool, 
dull and rainy month except for the opening and closing days. 


The weather for each of the six months March to August (inclusive) is 
represented graphically on page 36. Figures for each of the six districts of England 
and Wales are shown in terms of the deviation from average of air temperature, 
sunshine and rainfall. The major features are clearly the very mild March, the 
very dry April, the sunny June and the cool, wet months which followed. 


NEW OR UNCOMMON PLANT DISEASES AND PESTS 


Blackberry Mite in Sussex. The Blackberry mite, Phytoptus essigi Hassan, 
infests the loganberry, Himalaya blackberry, and cultivated and wild black- 
berries. The mite hibernates under the bud scales, and starts to feed early in 
the year when the buds begin to develop. Later, it feeds on the droplets of the 
very young fruitlets, and causes a condition of the fruits known in the United 
States as “redberry” disease. The mites feed on the droplets and, as they develop, 
the flesh hardens and the attacked portions fail to ripen. A typical example of 
cultivated blackberry fruits failing to ripen was noticed at Kirdford, West Sussex, 
in September 1957, and photographed by Mr. A. H. Strickland (Plate II). 
The mite can be eradicated by spraying lime sulphur before the flowers open, 
be pl ap application of a systemic insecticide as soon as the first fruits are 
ormed. 


A. M. MASSEE 





*These notes, and the diagram on page 36 are published by permission of the Director- 
General of the Meteorological Office. 
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Phytophthora verrucosa on Dahlia. Towards the end of May 1957, dahlia 
seedlings suffering from an unidentified wilt were received at East Craigs from 
a Border nursery. The plants, about six to ten inches high, and in some cases 
already forming small tubers, showed a general wilt with foliage dying from the 
base upwards, associated with stunting of the root system (Plate III, 2). On 
examining the affected roots, many oogonia with oospores were found resembling 
those of Phytophthora verrucosa, and measurements confirmed this, oogonia 
being 29-4u to 44-9, average 37-2u, and oospores 22-Ou to 26-3, average 
24-3u. This is a new host record, the species having been recorded previously 
on tomato, primula and meconopsis. The compost in which the seedlings grew 
was not typical in that it contained unsterilized leaf mould. Efforts to isolate 
the fungus in culture have so far proved unsuccessful. 


W. J. BYFORD 


Oospores of Peronospora schachtii found in England. Several workers on downy 
mildew of sugar beet have reported failure to find the oospores of the causal 
fungus, Peronospora schachtii Fuckel. First found in France by Prillieux (C.R. 
Acad. Sci., Paris, 1882, 95, 353-5), they were later reported from California 
where it was shown that they occur in seed-balls, where they overwinter and 
sometimes infect seedlings (Leach, L.D. Hilgardia, 1931, 6, 203-51). Although 
infected plants have been examined sporadically at the Rothamsted Field 
Station, Dunholme, Lincoln, since 1943, no oogonia were seen until May 1953 
(Fraymouth, Joan. Trans. Brit. mycol. Soc., 1956, 39, 79-107). In 1956, infected 
leaves were examined after boiling to remove air, and simmering in 2 per cent 
potassium hydroxide for fifteen minutes or until transparent. Of 267 leaves from 
20 plants, 70 leaves from 11 plants contained oospores (Plate III, 1). The leaves 
containing the oospores were two to three inches long; some were brown or 
shrivelled, others green and bearing living conidiophores. A count showed that 
in one particular leaf there were 63,500 oospores per square inch of lamina. 
Most of the infected plants were gathered in September and October, eighteen 
coming from Lincolnshire and two from Norfolk. Specimens have been deposited 
at the British Museum (Natural History), Cromwell Road, London, S.W.7 and 
at the Commonwealth Mycological Institute, Ferry Lane, Kew, Surrey. Thanks 
are due to Mr. V. Stansfield for the photograph. 


C. E. CORNFORD 


Aphelenchoides ritzema-bosi on Phiox. In August 1957, specimens of Phlox 
paniculata L. were received through the Cumberland and Westmorland Farm 
Institute, from a domestic grower in Seascale, Cumberland. The plants exhibited 
the typical symptoms associated with an infestation of Ditylenchus dipsaci 
(Kiihn) Filipjev which was found to be present within the tissues. In addition, 
however, a second species of eelworm, thought to be Aphelenchoides ritzema- 
bosi (Schwartz) Steiner, was discovered and its identity later confirmed by 
Dr. M. T. Franklin. It was absent from the leaves examined but was present 
with D. dipsaci in the pith. The origin of the infestation is obscure. Chrysan- 
themums had not been grown in the border for a number of years, although 
infested plants were present in a nearby garden. Examination of other plant 
species in the border did not reveal any A. ritzema-bosi. As the plants were new 
stock it is possible that they were infested when purchased. A. ritzema-bosi 
does not appear to have been recorded on P. paniculata previously. 


N. FRENCH 











